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Abstract We aimed at comparing the performance of
vacuum-formed thermoplastic retainers (VFR) worn either
full-time or part-time, in maintaining orthodontic treatment
results in terms of tooth alignment, arch form and occlu-
sion. We reviewed randomized and prospective controlled
clinical trials comparing VFR wearing protocols and
searched databases, without restrictions, for published and
unpublished literature. The risk of bias was assessed using
the Cochrane Risk of Bias tool and the overall level of
certainty in the evidence following ADA methodology. 184
studies were initially identified and reduced to the 3 ran-
domized controlled trials included in the systematic review
by means of specific criteria. One study followed patients
1 year into retention, and the other two for 6 months.
Little’s Irregularity Index, intermolar and intercanine
width, arch length, overjet and PAR score did not differ
significantly between the patients wearing their retainers
part time or full time. We observed a slight increase in the
overbite in the part-time group in only one trial. With a
moderate level of certainty, we found that during the
observation period, full-time VFR wear is not superior to
part-time, bearing in mind the potential implications for
health burden, retainer longevity and cost-effectiveness, as
well as patient satisfaction and compliance.
Keywords Systematic review  Orthodontics  Retainers 
Thermoplastic  Clear  Vacuum-formed
Introduction
After active orthodontic treatment, teeth show the tendency
to return to their original position [1–3]. Thus, retention
represents a fundamental phase among orthodontic proce-
dures for almost every patient and, retainers are used to
maintain teeth in their corrected position, opposing the
influence from periodontal tissue stretching, pressures from
orofacial muscle function, excessive or inadequate occlusal
forces and continuing craniofacial growth [1–8]. These
factors, together with parameters related to the nature of
treatment and appliance selection, interact to force teeth
back toward the pre-treatment position; a phenomenon
observed in the vast majority of orthodontic patients
[2, 3, 5, 6].
Fixed wire retainers and removable appliances, usually
acrylic plates (Hawley or Begg-type) and thermoplastic
vacuum-formed retainers (VFRs) are used to counteract
any tendency to relapse [1–3, 6]. Removable appliances are
better with regards to oral hygiene [9] but require patients’
compliance [10, 11]. VFRs enjoy a variable but growing
popularity among orthodontists, especially for use on the
upper dental arch [12–18]. They are cost-effective com-
pared to other types of removable appliances [19] more
aesthetic, comfortable, less embarrassing and preferable
from the patients’ point of view [19–24]. For these reasons
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some patients are more likely to be compliant with the
requirements of VFRs than with other types of removable
appliances [22]. Although concerns on their durability
exist, VFRs have proven similar to or even better than
Hawley-type appliances with regards to fractures [19, 25].
The total period and the daily routine of VFR use that
orthodontists advise their patients to comply with vary
extensively [5]. Although animal observations determined
that periodontal reorganization occurs after an average of
230 days [26, 27], protocols exist in the literature detailing
varying extent and combinations of full-time (nearly 24 h
per day) or part-time use [23, 28, 29]. So the variation in
clinicians’ suggestions is to be expected [14–16, 30] and
this seems to be based more on preference, experience and
other criteria than evidenced based research [30, 31].
Assuming that a retention protocol involving signifi-
cantly less than wear for 24 h per day was effective in
maintaining long-term stability in terms of tooth alignment,
arch dimensions and occlusion after treatment, potential
advantages could accrue regarding hard and soft oral tis-
sues health, retainer longevity and cost-effectiveness, as
well as patient satisfaction and their diligence in overall
compliance to the proposed schedule [10, 14, 19, 21, 32].
The aim of the present systematic review was to investigate
whether different VFR wearing protocols perform differ-
ently in maintaining the therapeutic result in subjects after
orthodontic treatment.
Materials and methods
We carried out the present systematic review according to a
pre-existing protocol following the guidelines outlined in
the PRISMA statement [33] and the Cochrane Handbook
for Systematic Reviews of Interventions (version 5.1.0)
[34]. No funding was received for the present project.
Selection criteria applied for the review
Randomized (RCTs) and prospective controlled clinical
trials (CCTs) were reviewed, comparing VFR wearing
protocol effectiveness in maintaining orthodontic treatment
result. The studies had to fulfil certain criteria regarding
participants’ and intervention characteristics, as well as
principal outcome measures.
– Types of participants: patients referred for retention
with thermoplastic vacuum-formed retainers after
orthodontic treatment of any type. We placed no
restrictions on the age of the patients.
– Types of interventions: we placed no restriction on the
material of the thermoplastic retainer or the proposed
wearing schedule.
– Outcome measures: we reviewed studies including
measures that reflected changes in teeth alignment, arch
form and occlusion, such as Irregularity Index [4],
intercanine and intermolar width, arch length, overbite,
overjet, PAR score [35, 36].
From this systematic review, we excluded studies
reporting other types of orthodontic retainers, whether
removable or not, animal studies, case reports, case series,
systematic reviews and meta-analyses.
Search strategy for identification of studies
One of the authors (DK) developed detailed search strate-
gies for each database searched. They were based on the
strategy developed for MEDLINE but revised appropri-
ately for each database to take account of the differences in
controlled vocabulary and syntax rules. The following
electronic databases were searched: MEDLINE (via Ovid
and PubMed; Appendix 1) (1946 to 31 August 2014),
EMBASE (via Ovid), the Cochrane Oral Health Group’s
Trials Register and CENTRAL. Unpublished literature was
searched on ClinicalTrials.gov, the National Research
Register, and ProQuest Dissertation and Theses Global
database.
We placed no restriction on the language or date of
publication, and searched the reference lists of all eligible
studies for additional studies. Where additional information
for some publication was needed, we contacted the
respective authors.
Selection of studies and data extraction
Two reviewers (D.K. and M.K.) assessed the retrieved
records for inclusion independently. They were not blinded
to the identity of the authors, their institution, or the results
of the research. They obtained and assessed, again inde-
pendently, the full report of publications considered by
either reviewer to meet the inclusion criteria. Disagree-
ments were resolved by discussion or consultation with a
third author (E.G.K.). We kept a record of all decisions on
study identification.
The same two authors performed data extraction inde-
pendently and any disagreements were again resolved by
discussion or consultation with a third author (E.G.K.). We
used data collection forms to record the desired informa-
tion, such as bibliographic details, details on study design,
verification of study eligibility, participant and intervention
characteristics, patients’ attrition and respective reasons,
type of outcomes assessed and assessment procedures. We
classified the reported wear regimens as part-time or full-
time according to authors’ descriptions and clinical
judgement. We used, if possible, mean differences and
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standard deviations to summarize continuous outcome data
following a normal distribution, or the median and the
interquartile range if they did not. We considered the
patient as the unit of analysis for the outcomes related to
occlusion changes (i.e., overbite, overjet, PAR score, etc.),
and the jaw for the parameters related to tooth alignment
and arch form (i.e., irregularity index, intercanine and
intermolar width, arch length, etc.). Apart from outcomes
related to treatment stability, we extracted any other pos-
sible relevant measures regarding patient reported out-
comes, compliance, data on retainer condition (like
thickness and integrity), retainer longevity, hard and soft
oral tissue health and possible adverse effects. If we needed
clarification on the published data or additional material,
then we contacted the corresponding authors.
Data synthesis and assessment of publication bias
We planned to undertake a meta-analysis only if the
retrieved studies presented adequate clinical and method-
ological homogeneity and reported similar measurements
in appropriate statistical forms. In such cases, and if we
identified an adequate number of studies, we planned to
carry out analyses for ‘‘small-study effects’’ and publica-
tion bias.
Assessment of risk of bias and determination
of the level of certainty in the evidence
Two review authors (M.K. and I.D.) assessed the risk of
bias in the included studies, independently, using The
Cochrane Collaboration’s tool for RCTs [34], as no CCTs
were finally found to be eligible for inclusion. Any dis-
agreements were resolved by discussion or consultation
with a third author (E.G.K.). The domains examined
included random sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of
outcome assessors, incomplete outcome data, selective
outcome reporting and other sources of bias. Each domain
received a judgement of low, high or unclear risk of bias
(indicating either lack of sufficient information to make a
judgement or uncertainty over the risk of bias). Studies
were finally grouped into the categories of low, unclear and
high risk of bias.
The level of certainty in the evidence was assessed as
high, moderate, or low according to the ADA Clinical
Practice Guideline methodology that takes into account
the parameters of the quantity of evidence, risk of bias,
consistency, applicability, precision and publication bias
[37].
Results
The flow of records through the reviewing process is shown
in Fig. 1. We initially identified 184 references, and
excluded 31 as duplicates and 113 more on the basis of
their title and abstract. From the 40 records that remained,
we excluded 8 because they involved surveys of retention
protocols among orthodontists and 4 as literature reviews.
Subsequently, we excluded another 25 records on the basis
of the their full-text for various reasons (17 articles not
referring to retention, 3 studies assessing patient compli-
ance, 3 studies utilizing thermoplastic aligners and not
retainers and 2 studies investigating Hawley retainers).
Finally, 3 full-text trial reports were included in the
systematic review [38–40]. We made attempts to contact
the corresponding authors of all three included studies for
clarifications or additional unpublished data but none
replied.
Study characteristics and risk of bias assessment
The characteristics of the studies included in the present
systematic review are presented in Tables 1 and 2. The
papers were published between 2007 and 2012, had
recruited 191 patients and analyzed 171. As no eligible
CCTs could be retrieved, all included studies were RCTs.
In the Thickett and Power [39] and Gill et al. [38] study the
randomization procedure was based on patients, whereas in
the Jäderberg et al. [40] publication randomization was
based on jaws and consequently, a patient could be ran-
domized to different wear regimen for the upper and lower
retainer. Only the Thickett and Power study [39] followed
patients 1 year into retention, with the others following
patients for 6 months [38, 40]. All studies reported a priori
calculating of sample size and dropouts, but no author
carried out an intention-to-treat analysis.
The included studies involved diverse VFRs wearing
protocols. Regarding the full-time wearing groups, only in
the Gill et al. trial [38], did patients wear their VFRs 24 h
per day for 6 months. In the other two studies, 24 h/day
wearing was confined to the first trimester of observation
and then retainer wear was reduced. In particular, in the
Thickett and Power study [39], participants wore their
retainers according to the following schedule: 0–3 months:
24 h per day; 3–6 months: 10 h per day; 6–9 months:
alternate nights; 9–12 months: 1–2 times per week. Finally,
in Jäderberg et al. RCT patients wore the retainers 24 h per
day for 3 months and only at night for the next 3 [40].
The part-time wearing protocols involved VFRs use for
approximately 8–10 h per day in the first 6 months. In
Odontology (2017) 105:237–247 239
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particular, in the Gill et al. investigation, patients were
instructed to wear their retainers only during sleep (at least
8 h per day) for 6 months [38]. In the Thickett and Power
study [39], patients followed the following scheme:
0–6 months: 10 h per day; 6–9 months: alternate nights;
9–12 months: 1–2 times per week. In the most recent study
by Jäderberg et al., patients were told to wear their retainers
24 h per day only for the first week and then only at night
until the end of the 6-month period [40].
All included studies evaluated changes in overjet (OJ),
overbite (OB) and Little’s Irregularity Index (LLI) [4].
Moreover, changes in intermolar and intercanine widths
were evaluated in two studies [38, 39] and changes in arch
length and PAR score [35, 36] were measured only in one
[39]. Patient-reported outcomes in the form of a ques-
tionnaire were only assessed in one study [40].
Table 3 presents the summary findings of the risk of bias
assessment for the included studies. All available studies
were classified as presenting an overall unclear risk of bias,
mainly because of uncertainties regarding the domains of
random sequence generation and allocation concealment.
However, it was felt much of the uncertainty might be due
to poor reporting as other reports from the same investi-
gators clearly describe the use of procedures with low risk
of bias. Blinding of the participants could not be feasible
because patients cannot be blinded upon the intervention.
On the other hand, blinding of personnel could be possible
but was not reported. Overall, in the context of the present
research designs, there is no reason to believe that bias
could be introduced because of absence of blinding in these
cases. On the contrary, investigation of the procedures
regarding blinding of the outcome assessment revealed
unclear risk for one of the trials included [39]. Further-
more, in two studies, the dropouts and the respective rea-
sons were described in details [38, 40], whereas the third
did not present information on the cause of dropout but this
deficiency was not deemed to introduce bias in the present
context [39]. All three studies were considered of low risk
regarding reporting bias.
Comparison between wear schedules
The results of the studies included in this systematic review
are summarized in Table 4. We were not able to perform
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meta-analysis and examine publication and reporting bia-
ses because of the lack of extensive relevant data, the
differences in the interventions used, as well as, the vari-
ability in statistical reporting.
Overall, we observed no statistically significant differ-
ence between the compared VFR wearing protocols, with
regards to Little’s Irregularity Index [38–40], intermolar
and intercanine width [38, 39], arch length [39], overjet
[38–40] and PAR score [39]. In the Jäderberg and co-
workers study [40], which also involved cases with only
either maxillary or mandibular VFRs, no significant
differences in the above measurements were observed,
when these patients were compared to those having
retainers in both arches. We judged the overall level of
certainty in the evidence to be moderate for the above-
mentioned outcomes based on the evidence profile descri-
bed by the ADA Clinical Practice Guideline [37].
Only regarding the parameter of overbite, did we note in
one study [39] a statistically significant greater measure-
ment in the ‘‘part-time’’ wearing group (0–6 months: 10 h
per day; 6–9 months: alternate nights; 9–12 months: 1–2
times per week) compared to the ‘‘full-time’’ wearing
Table 3 Summary of risk of bias assessment
Domain Study
Gill et al. 2007 [38] Thickett et al. 2010 [39] Jäderberg et al. 2012 [40]
Random sequence generation Unclear risk Unclear risk Unclear risk
Allocation concealment Unclear risk Unclear risk Unclear risk
Blinding of participants and personnel Low risk Low risk Low risk
Blinding of outcome assessment Low risk Unclear risk Low risk
Incomplete outcome data Low risk Low risk Low risk
Selective outcome reporting Low risk Low risk Low risk
Other potential threats to validity Low risk Unclear risk Low risk
Summary assessment of within study risk of bias Unclear risk for key domains Unclear risk for key domains Unclear risk for key domains
Table 4 Summary of comparisons (p values) between the various VFRs’ wear regimens
Study Observation at 6 months Observation at 12 months
Gill et al. 2007 [38]a Thickett and Power 2010 [39]b Jäderberg et al. 2012 [40]c Thickett and Power 2010 [39]d
Maxillary measurements
Little’s irregularity index 0.60 0.67 [0.05 0.80
Intercanine width 0.89 0.34 – 0.52
Intermolar width 0.81 0.62 – 0.68
Arch length – 0.40 – 0.97
Mandibular measurements
Little’s irregularity index 0.93 0.08 [0.05 0.50
Intercanine width 0.56 0.31 – 0.65
Intermolar width 0.74 0.69 – 0.61
Arch length – 0.14 – 0.06
Interarch measurements
Overjet 0.80 0.55 [0.05 0.37
Overbite 0.11 0.02 (part time[ full time) [0.05 0.05 (part time[ full time)
PAR score – [0.05 – [0.05
Bold value indicate statistical significance
PAR peer assessment rating, – not measured
a Differences in changes during the observation period (independent samples Student’s t test)
b Differences in measurements at 6 months (Mann–Whitney U test)
c Differences in changes during the observation period (Mann–Whitney U test)
d Differences in measurements at 12 months (Mann–Whitney U test)
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group which differed in the fact that the appliance was
worn for 24 h per day from 0 to 3 months. However, we
did not observe similar differences in the other two studies
included in this systematic review [38, 40]. Again, in the
Jäderberg and co-workers study [40], that also involved
cases with either maxillary or mandibular VFRs alone, no
significant difference in overbite was observed, when these
patients were compared to those having retainers in both
arches. We judged the overall level of certainty in the
evidence to be low for this outcome based on the evidence
profile described by the ADA Clinical Practice Guideline
[37].
Regarding patient-reported outcomes, although the
Jäderberg et al. study [40] employed a questionnaire,
comparisons between the two wear regimens were not
presented in the report. Moreover, although it was mea-
sured in this trial, the thickness of the retainers was not
compared between the two groups. Other recordings rela-
ted to compliance, retainer integrity and longevity, mea-
sures on hard and soft oral tissue health and possible
adverse effects were not found or compared between
groups in the studies included in the present systematic
review.
Discussion
In this systematic review that followed well-established
guidelines, we concluded with a moderate level of evi-
dence that we did not observe superiority of full-time VFR
wearing protocols with regards to teeth alignment, arch
dimensions and occlusion stability for the duration of the
studies [38–40]. Only one trial [39] reported a slight sta-
tistically, but probably not clinically, significant increase in
overbite in the part-time group.
The fact that only three trials satisfied the pre-specified
inclusion criteria to be included in this systematic review
reflects the scarcity of relevant research and the consequent
lack of extensive data. Thankfully, those trials were RCTs,
as it is widely accepted that well-designed and properly
executed RCTs provide the best evidence on the effec-
tiveness of health care interventions [41]. The shortage of
VFR related research can be considered rather surprising as
retention constitutes a fundamental phase of orthodontic
procedures for almost every patient to counteract the
environment created by the influence of muscle function,
forces of occlusion and continuing craniofacial growth, as
well as, various treatment-related parameters [1–8]. In
addition, the paucity of scientific interest becomes more
important as the popularity of VFRs increases [12–18]. Up
to now, the protocols used in clinical practice seem to be
guided primarily by operator preference and personal
experience, as well as other criteria that are not compatible
with evidence based practice [30, 31], and have resulted in
a variety of empirical retention protocols employed by
orthodontists [14–16, 30].
Based on the studies included in this systematic review,
we did not observe significant differences in effectiveness
between full and part-time VFRs wearing schedules con-
cerning various measurements related to treatment result
stability, such as Little’s Irregularity Index, intermolar and
intercanine width, arch length, overjet and PAR score
[38–40]. The only notable exception to this trend involved
overbite, which was found to have increased only in one
trial in the 6 month measurements of the part-time wear
group, and only by 0.77 mm (p = 0.02) [39]. The authors
of the report attributed this finding to more rapid settling.
The same difference continued to exist in the 12-month
recordings, but had diminished to 0.60 mm and barely
reached statistical significance (p = 0.05). Nevertheless,
overbite differences in both data measurements points do
not seem to be a problem of clinical significance in most
treatment cases. On the contrary, one advantage of part-
time wear protocols may be that settling of teeth can occur
unobstructed when the retainers are not worn [42]. Maxi-
mal centric stops in intercuspation are believed to be
important in maintaining occlusal stability, distributing
stresses among teeth evenly and ensuring tooth loading
along the long axes [43].
Consequently, one could suggest with a moderate level
of certainty that part-time VFR wear protocols (as the ones
described in the included trials) could be sufficient in
maintaining the result obtained after orthodontic treatment,
with regards to teeth alignment, arch dimensions and
occlusion stability. This finding could have immediate
clinical implications, as the decreased appliance burden
could demonstrate potential advantages, such as reduced
risk of enamel demineralization and healthier periodontal
tissues [32]. Part-time wear of a ‘‘less visible’’ retainer like
VFR could also mean less impact on everyday activities
and an increase in patient satisfaction, aesthetic perception
and comfort. These parameters have been suggested to
enhance overall compliance to the retention protocol being
followed [10, 14, 19, 21]. Moreover, reduced wear could
increase retainer longevity, in terms of fractures and loss of
fit, and add another dimension to the demonstrated cost-
effectiveness of the intervention [19]. However, although
extremely interesting, none of these parameters were
studied or related recordings compared in the patient
groups described in this systematic review along with the
data on stability and further research is warranted in this
respect.
In general, reducing clinical diversity and methodolog-
ical variability, as well as, consistent and adequate
reporting, could benefit future trials. For example, Jäder-
berg and co-workers [40] based randomization on jaws
244 Odontology (2017) 105:237–247
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rather than on patients. Consequently, a patient could be
randomized to different wear regimens group for the
maxillary and mandibular retainer. This procedure could be
really confusing for the patient and lead to an increase in
the number of dropouts due to misunderstandings. Appro-
priate reporting could also resolve uncertainties during risk
of bias assessment; in general, it was felt that much of this
uncertainty could be attributed to poor reporting as other
later studies from the same investigators clearly described
the use of procedures with low risk of bias.
Longer follow-ups could also add to the robustness of
relevant trials as the available data on the continued
craniofacial growth [8] and post-treatment changes [44]
underline the importance of prolonged (greater than
12 months) or even indefinite retention [1]. In addition,
there is a need to take into account and assess objectively
patients’ compliance to the specified retention protocols
[10, 11]. Many parameters have been found to influence
compliance, including intelligence, patient and doctor self-
esteem, patient-doctor relationship, clear explanation to
patients and parents of the rationale of retention and the
risks associated with non compliance, as well as, frequent
control visits [45–47]. Assessment of compliance can be
very challenging, particularly for research purposes [48].
Subjective measurements, like patient completed forms,
patients’ and parents’ reports, as well as clinicians’ esti-
mates are not considered reliable [48–51]. Devices used in
the past for the objective measurement of compliance have
proved to be expensive, complex, unreliable and inaccurate
[47–49, 52, 53]. Lately, electronic micro-sensors have
shown to be promising in objectively assess compliance,
since they can be easily fitted onto removable appliances
and measure accurately and reliably the exact period of
appliance wearing [10, 54–58].
The aforementioned observed lack of more extended
observation periods and objective assessment of patients’
compliance constituted the major limitations of the material
included in the present review. Second, clinical diversity,
inconsistent reporting, non-response by the authors when
asked for clarifications, as well as, the incapacity to
examine publication and reporting biases precluded the
formation of conclusions with a high level of certainty.
In summary, there exists a moderate level of certainty
that part-time VFR wearing protocols could be sufficient in
maintaining the result obtained after orthodontic treatment
in the short-term. For clinical practice this finding could
possibly result in decreased burden on hard and soft tissues
health, increased retainer longevity and cost-effectiveness,
as well as, patient satisfaction and overall compliance.
However, standardization, better reporting in longer fol-
low-ups and data on additional parameters, such as,
patient-reported outcomes and integrity of retainers and
longevity could be useful.
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Appendix 1
Search in Medline through PubMed, 31.08.2014.
#1 Orthodontic retention 1285
#2 (Orthodontic retention) AND removable[Title/Abstract] 112
#3 (Orthodontic retention) AND essix[Title/Abstract] 11
#4 (Orthodontic retention) AND Vacuum[Title/Abstract] 13
#5 (Orthodontic retention) AND transparent[Title/
Abstract]
3
#6 (Orthodontic retention) AND splint[Title/Abstract] 35
#7 (Orthodontic retention) AND thermoplastic[Title/
Abstract]
10
#8 Orthodontic retainer 1036
#9 (Orthodontic retainer) AND essix[Title/Abstract] 25
#10 (Orthodontic retainer) AND removable[Title/Abstract] 113
#11 (Orthodontic retainer) AND transparent[Title/Abstract] 3
#12 (Orthodontic retainer) AND vacuum[Title/Abstract] 22
#13 (Orthodontic retainer) AND splint[Title/Abstract] 45
#14 (Orthodontic retainer) AND thermoplastic[Title/
Abstract]
20
#15 Orthodontic retention[MeSH Major Topic] Schema: all 0
#16 Orthodontic retainer[MeSH Terms] 766
#17 Orthodontic retainer[MeSH Terms]) AND Essix[Title/
Abstract]
21
#18 (Orthodontic retainer[MeSH Terms]) AND splint[Title/
Abstract]
30
#19 (Orthodontic retainer[MeSH Terms]) AND
removable[Title/Abstract]
67
#20 (Orthodontic retainer[MeSH Terms]) AND
transparent[Title/Abstract]
2
#21 (Orthodontic retainer[MeSH Terms]) AND
Vacuum[Title/Abstract]
15
#22 Orthodontic retainer[MeSH Terms]) AND
thermoplastic[Title/Abstract]
17
#23 ((Orthodont*[Title/Abstract]) AND (Retention OR
retainer[Title/Abstract]))
749
NOT (Bonded OR fixed[Title/Abstract])
#24 ((((Orthodont*[Title/Abstract]) AND (Retention OR
retainer[Title/Abstract]))
8
NOT (Bonded OR fixed[Title/Abstract]))) AND
Essix[Title/Abstract]
#25 ((((Orthodont*[Title/Abstract]) AND (Retention OR
retainer[Title/Abstract]))
7
NOT (Bonded OR fixed[Title/Abstract]))) AND
Vacuum[Title/Abstract]
#26 ((((Orthodont*[Title/Abstract]) AND (Retention OR
retainer[Title/Abstract]))
1
NOT (Bonded OR fixed[Title/Abstract]))) AND
Transparent[Title/Abstract]
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